A procedurm has been developet for onlronmental, officers ind plannets to estimate the Immediate noise impact of demolition and explosive operations. This three-stp procedure Involves finding a peak level at 4 particular dhKthnce, bwsed on data for TNT. then calculating two correetiovi factoti, one for the type and weight of .xploslva and one for how deep the charge Is bupied. When the reference TNT seval and these coerection factors are combin.d, the sum Is an estimate of the peak level which that charge will produce in that situation. This can be uted to predict the likelihood of complaints and damage, and procedures can be rdjusted •crordingly. All this can be done manually u.sing tables given in totls report. In addition, a comnputar program to Implement thi% procedure has been daveloped and Installed on the Environmt•ntal Technical Informailon System. (ETIS.
The contents of this report are not to be used for advertising, publication, or promotional purposes. Citation of trade names does not constitute an official indorsement or approval of the use of such commercial products. The findings of this report are not to be construed as an official Department of the Army position, unless so designated by other authorized documents. A procedure has been developed for environmental officers and planners to estimate the immediate noise Impacts of demolition and explosive operations. This threestep procedure involves finding a peak level at a particular distance, based on data for TNT, then calculating two correction factors, one for the type and weight of explosive and one for how deeply the charge is buried. When the reference TNT level and these correction factors are combined, the sum is an estimate or the peak level which that charge will produce in that situation. This can be used to predict the likelihood of complaints and damage, and procedure., can be adjusted accordingly. All this can be done manually using tables given in this report. In addition, a computer program to implement this procedure has been developed ard installed on the Environmental Technical Information System (ETIS). The computer program described herein is furnished by the Government and is accepted and used by the recipient with the express understanding that the United States Government makes no warranties, expressed or implied, concerning the accuracy, completeness, reliability, useability, or suitability for any particular purpose of the information and data contained in this program or furnished in connection therewith, and the United States shall be under no liability whatsoever to any person by reason of any use made thereof. The program belongs to the Government. Therefore, the recipient further agrees not to assert any proprietary rights therein or to represent this program to anyone as other than a Govern-* ment program. 
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INTRODUCTION
Background
Blast noise from Army demolitions often causes residents of nearby communities to complain about noise and damage. An Army installation's environmental officer or planner needs to be able to estimate the immediate noise effects of demolitions activity on the surrounding area when deciding on sites for explosive activities. For infrequent or unusual events, estimates of the effects are needed to avoid complaints or damage to nearby buildings. For noise mitigation purposes, It is desirable to be able to estimate how deep a charge must be buried. For installations where noise control is achieved by limiting the weight of explosive that can be used, It is useful to be able to calculate the equivalent weight of a buried charge.
The long-term impacts of any operation simould be evaluated using the procedures of the installation Compatible Use Zone (ICUZ) program described in Army Regulation (AR) 200-1, Chapter 7.1 In that method, In brief, noise zones are determined using a C-weighted average level calculated from all activities producing impulse noise. Incompatible land uses can be determined for the zones.
Objective
The objective of this study was to develop a quick method for environmental officers and planners to estimate immediate noise effects of explosives and to estimate possible noise effects of infrequent or unusual explosives operations.
Approach
Damage criteria are usually expressed in terms of flat-weigt'ed peak levels. Existing methods of estimating these levels were reviewed. The best techniques wore incorporated into simple procedures involving graphical look-ups. These procedures were described and then illustrated with several practical examples. The estimates of the effect of burial on blast noise were compared to measurements made at two different locations.
The basic equations used in this procedure are discussed in detail in USA-CERL Technical Report (TR) E-17.2 The accuracy of the procedures for estimating the noise levels for different weather conditions was confirmed in the rese&: " described in USA-CERL TR N-13. 3 The validity of the charge burial correction was established in tests performed at Fort Lewis, WA in May 1978 and at Fort Leonard Wood, MO in April 1980 . A portion of the results from Fort Leonard Wood Is described in USA-CERL TR N-112. 4 These results were compared with the results from the prediction method developed in this report.
The estimation method has been computerized and installed on the Environmental Technical Information System (ETIS) for easy use.
Mode of Technology Transfer
This technical report will be distributed to Army facilities engineers for field use. The Army Environmental Hygiene Agency, as the Army operational noise agency, has been briefed on the procedure. The interactive computer program will be installed on ETIS. After testing, the procedure will be incorporated in a future technical manual on noise mitigation. The algorithms will also serve to support the Department of Defense's Resource Conservation and Recovery Act (RCRA) Part B Permit Writers' Guidance Manual for Open Burning/Open Detonation. Three steps are used in estimating the flat-weighted peak level. The first is the determination of the level produced by 0.454 kg (1.0 lb)* of TNT. The second is the calculation of the correction for different weights and types of charges. The final calculation is the correction for depth of burial.
Step 1: Peak Level Due to a 0.454 kg Charge at a Given Distance Figure 1 displays the peak level in free air from 0.454 kg of TNT as a function of distance in kilometers. (Corrections for charges on the ground are shown on p 13.) The different curves on this figure correspond to different weather conditions. For normal weather conditions, the base curve provides a reasonable estimate, but higher levels can occur. For the initial calculations, the base curve will be used. (The conditions to which each curve applies are given in Chapter 3, in the discussion of the computer program PEAKEST.) For example, the base level of 0.454 kg of TNT at 1000 m (0.62 mi) would be 124 dB. "•Conversion factors are given on p 2&
9
Step 2: Correction for Weight or Type of Cha:ge If a different amount or type of explosive is used, the peak level found in Step 1 mat be adjusted by a correction factor, A. This factor depends on the amount of TNT. Since other types of explosives release different amounts of energy, it is necessary to compare the amount of energy in the charge to that in the standard explosive, TNT. This is done by using an efficiency factor to calculate the equivalent weight of TNT. rable 1 gives thir efficiency factor for various military explosives. For example, if one had 5.0 kg of C4, it would be equivalent to 1.34 x 5.0 kg = 6.7 kg of TNT; that is, the efficiency of the C4 times the weight of the C4 in kilograms gives the equivalent weight of TNT. The composition and equivalent weights of some common demolition materials are listed in Table 2 .
Once the equivalent weight is known, the correction, 6, to the peak level can be calculated from a = 8 log (w/0.454), where w is the weight (or equivalent weight) of TNT. Alternatively, A can be looked up in Figure 2 . For example, the 6.7 kg equivalent above has a correction of about 9.4 dlB pp I. Weilht corretin u"'Ch.
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Step 3: Correction for Burial
The depth at which the explosive is buried wijl reduce the peak level. First, the scaled depth of burial must be calculated. The scaled depth is the depth of the top of the charge in meters divided by the cube root of the charge's equivalent weight in kilograms. The cube root can be looked up on Figure This scaled depth is used to look up the correction for burial on Figure 4 . For this example, the burial correction is 8.0 dB. Tht is, this charge would be 8.0 dB quieter when buried 0.50 m. (In the remainder of this repo't, scaled depths are written without units, and m/kg 73 is referred to as "s -aled meter.") Putting these three calculatioas together, one can calculate the peak level due to 5 kg of C4 buried 0.50 m at a distance of 1000 m:
Peak Level = 124 d0 + 9.4 dB -8.0 dB = 125.4 dB Using the principles above one can answer three types of questions.
1. Given the type and weight of charge, depth of burial, and the distance to some critical area, what is the expected peak level?
2. Given a particular charge weight and type, how deep must the charge be buried to be equivalent to a given weight limit? 3. Given a particular charge weight and type, how deep must the charge be buried to keep the peak level under some critical limit at a particular location? 
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Example 1: Peak Level Three M2 demolition blocks are buried 1 ft. The demolition site is 400 m from an unoccupied building. Is there a possibility the building will be damaged?
Step 1. Calculate the level due to 0.454 kg of TNT at 400 m. From Figure 1 , the base curve value is 134 dB , and the probable focus value is 139 dB.
Step 2. Calculate the equivalent weight of TNT and look up the weight correction. An M2 demolition block contains 2.5 lbs of tetrytol. By Table 2 , tetrytol has an efficiency of 1.2. First, calculate the weight of tetrytol in kilograms.
3 blocks x 2.5 lbs/block x 0.454 kg/lbs = 3.4 kg Next, multiply the weight by the efficiency. Weight correction factor = 8.2 dB
Step 3. Calculate the correction factor for burial. Convert the depth of burial to meters. Depth correction factor = 9.5 d3
Combining the corrections, the levels are: base = 134 dB + 8.2 dB -9.5 dB = 133 dB probable focus = 139 dB + 8.2 dB -9.5 dB= 138 dB.
For either of these levels minor damage is possible (Table 3 ). The charge should be a buried deeper, set further from the building, or reduced In size. Step 2. Calculate how much louder 40 lb of dynamite is than 2 kg of TNT. By Figure 2 , the weight correction for 2.0 kg is 5.2 dB; for 16.7 kg It is 12.5 dB. So the 16.7 kg charge needs to be made 12.5 -5.2 = 7.3 dB quieter.
Step 3. F'rom Figure 4 , the scaled depth necessary to quiet a charge 7.3 dB Is about 0.16 scaled meters. To convert to actual depth, multiply the scaled depth times the cube root of the charge w-lght. By Figu,"e 3, the cube root of 16.7 kg is about 2.6. So, to be as quiet as 2.0 kg of TNT, the depth the dynamite would have to be buried at is: 2.6 x 0.16 m = 0.42 m.
The charge would have to be ourled at least 42 cm,
Example 3: Burial Depth to Moai oin Peak Below Limit
How deep must a 40-lb cratering charge boosted by 1.25 lbs of C4 1, buried so that the peek sound pressure level will not exceed 115 dE! at 2.0 km, under a wide variety of weather conditions?
Step._.
Calculate the !,.. ' predicted fcr 0.454 kg at 2.0 km. Use the probable focus curve of Figure 1 ; this curve gives a level of 124 dB at 2.0 km. Ste•.2. Colcnate the equivalent charge weight and the weigh. ';orrectlon. Table 2 gives the equivalent we'ght tor the 40-lb cratering charge of 10.3 kg --equivalent weight of the booster charge. The booster used Is 1.25 lbs of C4. Convert to kitograms and multiply 'y the efficiency in Table 1 .
Booster charge = 1.25 lbs x 0.454 kg/lb x 1.34 = 0.76 kg The total equivalent weight is 10.3 + 0.76 kg = 11.1 kg of TNT. By Figure 2 , the weight correction is 11.4 dB.
Step 3. Calculate how much reduction is needed. The peak level with the charge on the surface would be 123 dB + 11.3 dB = 134.3 dB. The desired level is 115 dB, so the level needs to be reduced by 19.3 dB by burying the charge.
Step 4. Figure 4 indicates that the top of the charge must be 0.6 scaled meters below the surface to achieve that much quieting. To convert to actual depth, multiply by the cube root of the equivalent weight. This can be looked up in Case Studies * USA-CERL has performed two studies involving charges on the surface and buried charges. 5 Here, the measured levels will be compared with those predicted by the procedure outlined in this report.
In test one, three types of charges were fired: (a) 2.3 kg of C4 on the surface, (b) 9.1 kg of C4 buried 60 cm In glacial till, and (c) a 40-lb cratering charge boosted by 1.13 kg of C4 buried 15 cm in glacial till. All levels were measured at 380 m from the charge. Table 4 presents the results of this study. Note that in all these cases, the predicted value was larger than the measured value by 4 to 6 dB. The measurements were made near midday on a windy day. For these conditions the negative focus curve of Figure 1 would be more appropriate. The estimates prepared from the base curves are conservative for negative gradient weather conditions. Table 5 for the averege levels. The levels due to 0.454 kg of TNT using the base curve of Figure 1 at 152 *and 305 m, respectively, are 145.0 dB and 138.0 dB. e The equivalent weight Is 1.34 x 2.3 kg = 3.1 kg. e The weight correction is 6.7 dB. * No correction for burial.
The total predicted peak levels are 151.7 dB and 144.7 dB. The measured levels were 148.2 dB and 138.7 dB. respectively. * The equivalent weight from Table 2 is 10.3 kg + 1.34 x 0.57 kg = 11.1 kg. * The weight correction is 11.5 dB. * The sealed depth of burial is the average depth divided by (11.1) /1, or 0.75 m/2.2 = 0.34 scaled meters. * The correction froim Figure 4 is -14.7 dB.
Thus the total levels predicted at 152 mi and 305 m are 141.8 dB and 134.8 dB. The measured average values were 142.8 do and 134.5 dB.
Again, the predicted values are higher than those measured, so the procedure is a conservative one. The test values in this ease would be better represented if the negative gradient curve on Figure 4 were used. i "The calculations described In this chapter result in reasonable predictions of overpressure for surface and buried charges. Unless care is taken to fire only under favorable conditions (Table 6) , the probable focus curve should be used for predictions.
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Conditions to be avoided are: * Nighttime and 2 hr before sunset and 2 hr after sunrise o Calm days during the presence of high pressure areas o Times when there are stable cloud layers o Times when there are wind shears aloft.
The curves in Figure 1 cannot be used for propagation over water. The levels would be much higher in that case. (Now, because there is no built-in formula for picking a depth which will give a certain level (one less than for 2 kg of TNT), you will have to guess a depth. Then look at the levels, and bury the charge deeper if you need the levels to be lower, or reduce the burial depth if the levels are quieter than the 2 kg of TNT. The first guess was 0.3 m.)
Enter new value of depth -> 0.30 equivalent wt = 16.71 distance = 1000.00 depth = 0.30 hit C to change the distance or depth, return to continue There is a high risk of complaints
For focus conditions the most probable level is 131
There is a high risk of complaints There is a possibility of damage complaints The maximum level possible is 137 ,*
There is a high risk of complaints There is a possibility of damage complaints hit x to exit, n for a new v,?eight, return to continue (It might take a few more guesses to got the exact levels but for now it Is close enough.) (x was pressed to exit, and a new session was started for Example 3. There Is little risk of complaints (8) data namel/w't,e','i','g','h','tt ,' t'
, , "I I/ data name4/'n','u','m','b','e','r t . eq.'y' ).or.(ans.eq.'Y'))then write(6,"('l1) MlA1 bangalore torpedo')") write(6,"('2) M2A2 bangalore torpedo')") write(6,"('3) 40 lb cratering charge')") write(6,"('4) M2A3 15 lb shaped charge')") write(6,"('5) M2A4 15 lb shaped charge')") write(6,"('6) M3 40 lb shaped charge')") write(6,"('7) M3Al 40 lb shaped charge')") write(6,"('Enter number of the explosive type ',$)") read(5,"(i2)")stdtyp if(iw.eq.l)write(7,"('Enter number of the explosive type ',i2)") stdtyp write(6,"('Will you use more than one standard charge? (Y/N) ',$ read(5,"(a)") ans if(iw.eq.l)write(7,"('Will you use more than one standard charge ? (YIN) ',a)")ans if((ans.eq.'y').or.(ans.eq.'Y')) then call getval(stdnum, name4,iw) endif write(6,"('Do you want to add a booster? (Y/N) ',$)") read(5,"(a)") ans if(iw.eq.l)write(7,"('Do you want to add a booster? (Y/N) ',a)") ans if((ans.eq.'y').or.(ans.eq.'Y'))then write(6, "('Pick an explosive type')") if(iw.eq.l)write(7,"('Pick an explosive type')") call getet(ans,bsttyp, iw) bw-0.
write ( get weight distance and depth wrlte(6,"('weight is ',f9.2)")welght !f(iw.eq.l)write(7,"('weight is ',f9.2)")weight call getval(weight,namel,iw) c efficiency correction weight-weight ef(exptyp) 3 do 4,it-1,20 7 write(6,"('distance is ',f9.2)")dist if(iw.eq.l)wrlte(7,"('distance is ',f9.2)")dist call getval(dist~naeffi4~w) if((dist.gt.50000).or. (dist.lt.100)) write(6,"('Out of range of pLQr'am' it((dist.gt.50000).or.(dlst.1t.100).and.lw.eq.l) write(7,"('Out of range of proqram')") write(6."'('depth is ',[9.2)")depth [f(iw.etl.l)wr-it#-(7,"('detpth is ',[9.2)")depth ,all ,qeival (dhpth.n me1c,~Lw) wrl ¢'h. ('',lvl tl• • ',f0 .2'' dist.1a rc .' .2 ' ,¢p h ',t7.2,/-It it V to change the dist.,1nce or depthreturn to continue')")weiqht,distdepth ro•,l 5," a)" ns i.f(iw.oq.l)write(7,"( 'eqivalent wt-',f7.2,' distance -',f,21,' depth-',f*/.2,/' hit C to change the distance or depth, return to continue')")weight,d continue write(6,"('hlt x to exit, n for a new weight, return to continue ',$)") read(5,"(a)") ans if((ans.eq.'x').or.(ans.eq.'X'))qoto5 it ( (i *n s q 'n' ).or. (a ns. eq. N'))qoto? 4 continue if(iw.eq.l)write(7,"('end of session')") 5 write(6,"('end of session')") end subroutine getval(val,word,lww) character ans,word(8) write(6,"('Change? (Y/N) -> ',$)") read(5,"(a)") ans if(iww.eq.l)write(7,"('Change? (Y/N) -',a)")ans if((ans.eq.'y').or.(ans.eq.'Y'))goto9 return 9 write(6,"('Enter new value of ',Sal,' -',$)")word read(5,,) val If(Iww.eq.l)wrzte(7,"('Enter new value of ',8al,' -> ',f12.2)")word,val return end c get the explosive type subroutine getet(answ,exptyp, iww) character answ if((answ.eq. 'y' ) .or. (answ.eq. 'Y' ))then write(6,"(' 1) TNT Ammonia dynamite')") write(6,"(' 2) Terytol,M1,M2 13) 40%')") write(6,"(' 3) Comp.C3, M3, M5 14) 50%')") write(6,"(' 4) Comp.C4, M5Al, MI12 15) 60%')") write(6, "(' 5) Ammonium nitrate Gelatin dynamite')") write(6,"(' 6) Sheet expl.,Ml86,Ml18 16) 40%')") write(6,"(' 7) Military dynamite,Ml 17) 50%')") write(6,"(' Straight dynamite 18) 60%')") write (6,"(' 8) 40 19) Teryl')") write(6,"(' 9) 50% 20) Comp. B')") write(6,"('10) 60% 21) Amatol 80/20')") write(6,"('1l) PETN 22) Black Powder')") write(6,"('12) Pentolite 23) Nitrostarch')") write(6,"('Enter explosive type n,'iber ',$)) read( 5," (i2)" )exptyp if(iww.eq.l)w.ite(7,"( 'Enter explosive type number ',i2)" )exptyp endif return end c starting information subroutine strtinfo(iww) c ans for Y/N answers and iww to toggle printing to fort.7 character ans, anss iww-O iwww-0 do 15, i6-6,7 if(i6.ne,6.and.iwww.ne. 1)gotol5 write(i6,"('This program makes peak level noise predictions for explosio "ns and')") write(i6,"('possible effects of the predicted levels. The program is us eful for')") write(i6,"('siting explosives operations and for assessing infrequent or Su~nunIsual' )") write(i6,"('explosives operations. Note that any lonq term operations M UST u,'' )" write(i6."('assessed by the prc.reedures of AR 200-1 arid the Intallatlon ->-> CORmpa t i il W' )"0 )
write(16,"('Use Program. This program can not be u.,ed over water. All weights')") write(i6,"('are in kilograms, all distances in meters. All throughout t "his')" ) write(i6,"('program you will be asked (Yes/No) questions. The computer "reads the')")
. write(i6,"('first letter of your response so a y or n will suffice or yo "u can just')") write(i6,"('hlt a return to continue. All weights are in kilograms and a write(ib,"('distances are in meters. The program provides weather predi ct ions' ) " ) a wiwrite(i6, "('for three weather conditions and maximum level curve. ')') if(i6.eq. 7.and. iwww.eq, l)gotol4 wrjtg:(6,"(' ')") write(6,"('Would you like to see a brief chart of these conditions' (Y/N 14 if( (anss.eq.'y').or. (ansseq.'Y'))then write(i60( *' )") * write(i6,"( 'Negative gradient-Sunny day, cuinulus clouds, mid da ->-> y, wind~y')") write(16,"( ' ' )") wr't.e(i.6,"('11ase-Low winds, clouds, fall and winter, daytime')") write(ib,"( ') ") write(16,"('Focus-Low stable clouds, very low winds(<2m/s), nig iht time to 2hrs. ')") write(16,"('after sunrise, winter and fall')") write(i6,"( '')" write(i6,"('Haximum possible overpressure-Rare, but levels will sometimes')") wrte(i6," ( 'occur under extreme focus conditions.')") write(6, ( ')3 32 ad
